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Abstract
Recurrent laryngeal nerve (RLN) injury is the most feared complication in 
thyroid surgery, resulting in a worse patients’ quality of life, and is the most com-
mon cause of medical claim. Visualization of RLN before proceeding with dissec-
tion of the gland is considered the gold standard. In the last decade, intraoperative 
neuromonitoring (IONM) of RLN has progressively gained acceptance; nowadays, 
this method is widely spread, being routinely used in large workflow centers. IONM 
is helpful in the identification of RLN and allows to asses nerve functionality during 
and at the end of surgical procedure. In this chapter, IONM features, its advantages 
and limits, and its usefulness will be discussed.
Keywords: thyroid surgery, thyroid carcinoma, intraoperative neuromonitoring, 
recurrent laryngeal nerve, nerve injury
1. Introduction
Postoperative recurrent laryngeal nerve (RLN) injury is one of the most feared 
complications during thyroid surgery. Even in experienced hands, transient RLN 
palsy occurs in 0.4–12% of cases [1–3], while permanent palsy is reported in up to 
5–6% [2, 4]; its frequency is lower (0.2–0.8%) in hospitals with a large workflow 
[5]. RLN palsy can significantly deteriorate patients’ quality of life, causing hoarse-
ness of voice, dysphonia and dysphagia. Bilateral RLN palsy is an uncommon but 
life-threatening complication, even if transient, since it is associated to airway 
obstruction, which is potentially lethal for the patient. Intraoperative RLN injuries 
are due to transection and traction of the nerve, electrical and thermal injuries, 
suture entrapment and excessive skeletization. The risk of nerve palsy increases 
during surgery for thyroid cancer, especially in case of large or locally advanced 
tumors that can dislocate or infiltrate the nerve, during central compartment lymph 
node dissection (CLND) or in case of revision surgery. Over the years, surgical 
approach to RLN has consistently changed: the first approach, consisting in non-
visualization and avoidance of the nerve, has been replaced with routine identifica-
tion of RLN, which has been reported to be associated with a lower incidence of 
RLN palsy [6–10].
Intraoperative neuromonitoring (IONM) of RNL during thyroid surgery has 
widely spread during the last decade as an adjunct to the gold standard of direct 
visualization of the nerve; nowadays, it has become standard practice in thyroid 
surgery for many surgeons [11]. The most common method currently in use for 
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RLN monitoring is an endotracheal tube containing electrodes embedded on it, 
placed in close proximity to vocal cords, that register effects of stimulation of 
RLN. IONM is able to detect anatomic variations of the nerve and to clarify the 
mechanism and the site of the injury, and to predict vocal cord function after sur-
gery. During surgical procedure, repeated tissue stimulation is helpful to correctly 
identify the nerve. Furthermore, IONM can detect non-function nerves that appear 
anatomically intact.
2. Intraoperative neuromonitoring in thyroid surgery
Intraoperative neuromonitoring has been introduced in thyroid surgery as an 
adjunct to standard visual identification of the recurrent laryngeal nerve (RLN) to 
prevent nerve lesion. The use of IONM, besides helping to identify the RLN, gives 
an objective evaluation of its function during the whole dissection [12–15]. IONM 
was introduced about 50 years ago, and various neuromonitoring methods (glot-
tic pressure method, glottic monitoring method, insertion of needle electrodes in 
vocal cords endoscopically or through cricothyroid membrane, laryngeal palpation 
method, and monitoring via endotracheal tube with surface electrodes) have been 
utilized [16]. For several reasons, such as simplicity, non-invasiveness, and safety, 
IONM via endotracheal (ET) tube with surface electrodes has become the standard 
method [12]. It consists in an electromyography (EMG) that evaluates the vocal 
cord adductor function by using surface electrodes on the ET tube. NIM-Response 
3.0 System (Medtronic Xomed, Jacksonville, Florida, USA) is the most widely used 
device for RLN monitoring (Figure 1). It transforms laryngeal muscle activity into 
audible and visual EMG signals whenever the RLN or vagus nerve is stimulated 
intraoperatively. This system basically consists of the combination of two electrical 
circuits: stimulation and recording sides. The stimulation side consists of a stimula-
tor probe (nerve stimulator probe, continuous vagus nerve stimulator probe), 
which transmits electric current to the nerve, and a grounding electrode. The nerve 
stimulation probe can be monopolar or bipolar, while the continuous monitor-
ing probes applied to the vagus nerve can be monopolar, bipolar, or tripolar. The 
Figure 1. 
NIM-Response 3.0 System (Medtronic Xomed, Jacksonville, Florida, USA) (Italian configuration). In thyroid 
surgery, two channels for the right and left vocal cords are sufficient and 2 EMG screens appear on the monitor.
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recording side, instead, consists of the ET tube with surface electrodes, which are 
placed at the level of the vocal cord, and their ground electrode (Figure 2). These 
two main systems combine on the interconnection box (Figure 3), through which 
Figure 2. 
ET tube with surface electrodes and grounding electrodes (white: stimulation side, green: recording side).
Figure 3. 
Stimulation and recording sides are combined on the interconnect box, through which they connect to the 
monitor.
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they connect to the monitor. The monitoring systems can be with 2, 4, 8, or 16 chan-
nels. The number of channels indicates the number of nerves that can be monitored. 
A separate EMG screen appears for each nerve on the monitor. In thyroid surgery, 
two channels for the right and left vocal cords are sufficient and two EMG screens 
appear on the monitor (Figure 1). In case of continuous vagus nerve stimulation, 
instead, two EMG screens for intermittent monitoring appear on the left side of the 
monitor, and another EMG screen for continuous vagus nerve stimulation appears 
on the right side.
3. Standardization of intraoperative neuromonitoring
Adequate knowledge of the neuromonitoring system and standardization of the 
procedure are required for proper use of IONM [12–17]. In this context, both sur-
geons and anaesthesiologists are involved. In order to reach an adequate experience, 
it has been stated that the learning curve is approximately of 50–100 cases [18–20].
The anesthetist plays a key role in IONM procedure, particularly with regard to 
the type of drugs used to induce anaesthesia and to the positioning of the ET tube. 
After these steps, anesthesia can be obtained by inhaler or intravenous anesthetics: 
these agents do not have significant effects on EMG signal, providing an adequate 
depth of anesthesia. Differently, neuromuscular blocking agents (NMBAs) interfere 
with monitoring, reducing EMG amplitude and the optimal laryngeal response, 
thus making neuromonitoring less effective. For this reason, after induction, NMBA 
should be avoided for the rest of the operation. Small doses of a non-depolarizing 
muscle relaxant (usually rocuronium and atracurium) are used at intubation, as 
these agents allow the restoration of basic physiological functions, such as spontane-
ous respiration and normal muscle twitch activity, within a few minutes.
Endotracheal tubes are available in sizes 6.0, 6.5, 7.0, 7.5, and 8.0. The larg-
est tube that can be passed between the patient’s vocal cords has to be used. The 
ET tube is placed under direct laryngoscopy with the middle of the blue marked 
region (the exposed electrodes) in contact with the true vocal cords. The tube has 
to be placed in the right position to obtain adequate functioning of the system. 
Endotracheal tube positioning errors include not only depth errors but also rota-
tional errors. The malposition of the ET can lead to misleading information and 
is a potential cause of loss of signal during surgery. After the tube is inserted, the 
patient is given the right operation position, with hyperextended neck, by apply-
ing a pillow under the shoulders. During positioning, the anesthetist must protect 
the ET tube to keep its position unchanged. If the tube is fixed to the rim of the 
patient’s mouth before the patient is correctly positioned, the position of the tube 
in the airway can change. This can lead to a disruption of the relationship between 
the surface electrodes of the ET tube and the vocal cords. Thus, the tube has to be 
secured to the rim of the lip after the patient is correctly positioned.
Once the patient is positioned, the grounding electrode of the recording side 
and the grounding electrode of the stimulation side are subdermally applied to 
the presternal region or to the shoulder at the side of the monitor. The second one 
should be placed 1–2 cm below the first one.
After all connections are made, the correct positioning of the ET tube must be 
checked. This can be done from the monitor by verifying the impedance value of 
the electrodes (Figure 4). For each electrode, it has to be less than 5 kΩ. Moreover, 
the impedance difference between positive and negative electrodes of each channel 
should be less than 1 kΩ. Values above these thresholds indicate that the contact 
between the patient’s vocal cords and the ET tube electrodes is not adequate. Other 
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tests to verify the correct location of the ET tube include the evaluation of respira-
tory changes or a further laryngoscopy. About the first method, in the short-term 
window period between the loss of the effect of short-acting NMBA and the 
deepening of anesthesia following intubation, spontaneous respiratory movements 
should result in waveforms with an amplitude of 30–70 μV on the monitor. These 
respiratory changes should be detected for both vocal cords.
At this point, the monitor should be set as follows: a threshold value of 100 μV, 
an excitation electrode stimulation level of 0.5–2 mA (mean: 1 mA), a stimulation 
period of 100 μs, and a stimulation frequency of 4 stimuli per second.
At the beginning of the operation, the stimulator probe should be tested directly 
on the infrahyoid or sternocleidomastoid muscle to confirm the presence of an 
appropriate muscle twitching. This confirms that the nerve stimulation probe is 
working properly and the absence of ongoing paralytic agent. Moreover, to con-
firm the overall system function, before the identification of RLN, an EMG signal 
should initially be obtained from the vagus nerve. This step is crucial to assess that 
IONM system is functioning correctly and that the normal pathway of RLN signal 
is elicited. The vagus nerve can be directly stimulated after dissection of the carotid 
sheath, or its stimulation can be performed simply by increasing the stimulation 
level up to 2–3 mA with the probe on the carotid sheath without dissecting it. The 
RLN is situated at the tracheoesophageal groove in proximity to the inferior thyroid 
artery. It can be initially searched with a stimulation level of 2 mA and fully mapped 
out; then, it can be isolated and visually confirmed. Once the nerve is visualized, 
the stimulation level can be turned down to 1 mA. It is important to keep in mind 
that RLN extralaryngeal branching can be found in about 30–40% of patients, 
particularly at the level of Berry’s ligament. Thus, it is necessary to dissect the RLN 
from the lower neck up to the nerve entrance into the larynx. In case of branched 
RLN, each branch should be stimulated separately by using a stimulation current of 
0.4–0.5 mA. EMG signal of these individual branches should be assessed to allow a 
reliable evaluation of the distribution of the motor and sensory fibers. After remov-
ing the surgical specimen and ensuring a complete hemostasis, the final testing of 
RLN and vagus nerve is performed.
Figure 4. 
Check of the impedance value of the electrodes from the monitor.
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In 2011, the International Neural Monitoring Study Group (INMSG) defined the 
standard stages of intraoperative neuromonitoring in thyroid surgery by adding pre-
operative and postoperative vocal cord examinations to the four-step method previ-
ously proposed by Chiang et al. [12, 21]. The six stages can be summarized as follows:
a. preoperative laryngoscopy (L1);
b. vagus nerve stimulation before thyroidectomy (V1);
c. RLN stimulation upon initial identification (R1);
d. RLN stimulation at the end of thyroid dissection and complete hemostasis (R2) 
(Figure 5);
e. vagus nerve stimulation after complete thyroidectomy and hemostasis (V2);
f. postoperative laryngoscopy (L2).
As well as being useful during traditional open thyroidectomy, IONM can be very 
useful for RLN preservation also in case of endoscopic thyroid surgery [22, 23]. The 
fundamental steps of IONM during video-assisted thyroidectomy (VAT) are the same 
as those used during traditional thyroidectomy (L1, V1, R1, R2, V2, L2) [22]. IONM 
has proven to be very helpful also in the case of other endoscopic techniques, such as 
transaxillary or transoral thyroidectomy [23], even if a standardized technique is still 
lacking with these approaches.
4. Types of intraoperative neuromonitoring (I-IONM and C-IONM)
Currently, two types of IONM are available: the intermittent IONM (I-IONM) 
and the continuous IONM (C-IONM). With I-IONM, the functional integrity of the 
Figure 5. 
RLN stimulation at the end of thyroid dissection and complete hemostasis (R2).
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RLN is limited to the site of direct nerve stimulation. For this reason, in proximal 
lesions of the RLN, distal stimulation near the larynx may produce a false negative 
IONM signal. Moreover, with this system, the RLN is at risk for damage during the 
time gap between two nerve stimulations. Ultimately, I-IONM allows the evaluation 
of the RLN only at the time of stimulation, and detects RLN lesion merely after it 
occurs [24].
To overcome these limits, a C-IONM technology has been introduced [25–28]. 
C-IONM consists in a probe that is applied directly to the vagus nerve, allowing 
the surgeon to constantly test the RLN function while dissecting the thyroid gland. 
However, the intermittent method is not a separate process from the continuous 
IONM technique. The intermittent IONM probe, in fact, is an integral and comple-
mentary part of the C-IONM [15]. The goal of continuous vagus nerve probing is to 
inform the surgeon immediately of any critical insult of the RLN, like traction, thus 
avoiding signal loss and vocal cord paralysis. A 50% decrease in amplitude and a 10% 
increase in latency time have been defined as critical changes [25, 28]. The device 
alarms when these thresholds are exceeded. According to recent observation, the 
most common cause of RLN lesion is tractional trauma [25–29]; C-IONM has proved 
to be useful in preventing traction injury by promptly detecting progressive decreases 
in EMG amplitude combined with progressive increases in latency. The surgeon can 
so avoid eventual RLN injury by changing his strategy. However, this system is not 
effective in case of acute injury of the nerve (section or thermal injury) [25–28].
5. Loss of signal
5.1 Definition of loss of signal
Loss of signal (LOS) occurs when the original EMG signal obtained from the 
vagus nerve and/or RLN nerve can no longer be elicited [12]. It is classified as true 
positive if vocal cord palsy is confirmed on postoperative laryngoscopy and false 
positive if no vocal cord palsy is present on postoperative laryngoscopy.
There are two types of LOS: the segmental type (Type 1) and the global type 
(Type 2).
Type 1 LOS consists in the loss of signal at a certain point in the nerve; signal is 
obtained distally to the point where the nerve is injured, but no signal is detected 
proximally to this site.
In case of Type 2 LOS, instead, no specific damage point is recognizable, and no 
signal is acquired stimulating the RLN all along its course or stimulating the vagus 
nerve.
About this argument, it is important to introduce another concept: the intra-
operative signal recovery. Especially with the introduction of the C-IONM with 
continuous vagus nerve stimulation, it has been noted that, in some patients with 
signal loss, the signal can improve in the course of the operation.
5.2 Troubleshooting algorithm for loss of signal
When LOS occurs, a troubleshooting protocol should be followed to check the 
IONM system for technical problems [13, 30, 31].
In this case, the first procedure to be performed is to palpate the larynx with a 
finger behind the posterior plate of the cricoid to feel the posterior cricoarytenoid 
muscle contraction in response to RLN stimulation.
If digital detection of the laryngeal twitch is present in response to nerve stimu-
lation, the stimulation side of the system is working properly, and a malfunction of 
the recording side should be considered. The most frequent causes of malfunction 
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of the recording side are ET tube malposition, displacement of grounding elec-
trodes, or malfunction of the ET tube electrodes.
In addition to laryngeal palpation, contralateral vagal assessment also represents 
a useful option for troubleshooting. If contralateral vagus nerve stimulation does 
not elicit an adequate EMG signal, a malfunction of the recording side should be 
investigated as first option. Differently, if the contralateral vagus nerve is properly 
functioning, a possible nerve lesion must be considered.
If laryngeal twitch is absent when the nerve is stimulated, a malfunction of the 
stimulation side should be considered, thus the nerve stimulator probe and monitor 
have to be checked. Nerve stimulator probe function should be checked by applying 
its tip directly on a muscle to confirm a muscle twitching. Moreover, the whole sys-
tem, with special attention focused on the monitor screen, must be fully reviewed. 
Again, with regard to stimulation side error, if C-IONM is used, LOS may be due to 
a dislocation of the vagal nerve electrode.
Finally, in case of LOS, it is of fundamental importance to rule any administra-
tion of NMBA during the operation.
6. Advantages and limits of IONM
6.1 Advantages of IONM
Visualization of RLNs is considered the gold standard in thyroid surgery to 
reduce the incidence of nerve palsy. Nevertheless, visualization of the nerve can 
only suggest an anatomic integrity, which does not ensure functionality. In fact, 
some studies have demonstrated that the most common mechanism of nerve 
injury is traction [29, 32], resulting in a palsy with complete anatomic integrity. 
Furthermore, direct visualization of the nerve can be difficult, especially in case 
of revision neck surgery, because of the scar tissue [1, 32–34], in case of anatomic 
variations of the nerve, during central compartment lymph node dissection, or 
in course of surgery for advanced thyroid cancer. For these reasons, in the last 
decades, the use of IONM has widely spread among endocrine surgeons, in order to 
facilitate identification and dissection of the nerve and to evaluate its functionality, 
predicting vocal cord function outcome.
However, to date, studies have failed to demonstrate a statistically significant 
reduction of incidence of nerve injury using IONM [2, 3]; this lack of data may be 
related to the very low rate of nerve palsy. It has been estimated that in prospective, 
randomized trials, the calculated sample size needed to demonstrate that incidence 
of palsy is lower with IONM use is about 9000 nerves at risk [1, 7]. Other authors 
have reported that at least 39,000 nerves at risk per arm should be necessary to 
achieve statistical power that could demonstrate a significant difference in RLN 
palsy rate [3]. To date, only one randomized controlled trial [35] has demonstrated 
a significant reduction of transient RLN palsy from 5 to 2.7% (p = 0.007).
Furthermore, it is important to underline that voice impairment isn’t always due 
to RLN palsy; other causes can be vocal cord damage due to orotracheal intubation 
and damage of the strap muscles. In these cases, the good surgical practice and the 
integrity and functionality of the nerve are assessed by IONM, preserving from 
medical claim.
Advantages of IONM of RLNs in thyroid surgery are:
• Early identification of RLN and aid in dissection: Stimulation of paratracheal 
area allows to identify the course of the nerve before it is visualized; the identi-
fied area is then carefully dissected until the nerve is satisfactorily exposed. 
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Once the nerve is identified, stimulation of the adjacent structures can help to 
distinguish the nerve from other non-neural elements, like vessels. IONM is 
also helpful in identifying neural branches and to clarify nerve course in case 
of anatomic variants.
• Intraoperative diagnosis of RLN injury and postoperative prognosis: The most 
common causes of RLN injuries are transection of the nerve, suture entrap-
ment, traction, compression, contusion, pressure, ischemia by excessive 
skeletization, thermal trauma caused by dissection or hemostatic instruments 
used too close to the nerve. In most of the cases of nerve injury, the nerve is 
anatomically intact, thus visualization only is not predictive of a vocal cord 
palsy; on the contrary, IONM allows to predict most of the nerve injuries, 
improving the accuracy of prognostic evaluation of nerve functionality. Once 
a loss of signal is detected, IONM allows to identify with high accuracy the 
site of the lesion by stimulating the nerve all long its course and the vagus 
nerve.
• Reduction of bilateral RLN palsy: Once RLN palsy has been diagnosed with 
IONM on the first side of resection, the surgeon can decide to modify the 
initially scheduled bilateral surgery and to perform a delayed completion 
thyroidectomy (two-staged thyroidectomy), in order to avoid a bilateral RLN 
palsy.
• Difficult cases: IONM has beneficial effects especially in difficult cases, like 
reoperative surgery, locally advanced thyroid cancer and cervico-mediastinal 
goiter, or in case of lymphadenectomy of central neck compartment, facilitat-
ing identification and dissection of the nerve.
• Improvement of radicality in total thyroidectomy: Most of RLN injuries are 
produced during dissection of thyroid tissue from Berry ligament, within 
the last 2 cm of the nerve. The two main reasons of lesion are a ramification 
of RLN, which occurs usually less than 5 mm of its entry in larynx, or an 
intracapsular course of RLN, which is reported in 15–38% of cases. Thus, in 
the absence of IONM, surgeons often tend to leave a small amount of thyroid 
tissue to avoid lesion of RLN in the last part of its course. On the contrary, 
IONM allows to completely resect the thyroid gland, reducing the risk of 
nerve palsy. Furthermore, hemostatic maneuvers can be safely conducted with 
IONM, ensuring that surgical sutures do not exert a traction on the nerve and 
that cauterization is far enough from the nerve.
6.2 Limits of IONM
The first evidence is that, despite IONM usage, RLN injury still remains one of 
the most common complications in thyroid surgery. Multiple studies have failed to 
demonstrate a reduction of incidence of RLN injury when IONM is used in thyroid 
surgery; as already discussed, this may be due to the very low incidence of RLN 
palsy. Surgeon should be conscious that IONM does not prevent at all RLN injury. In 
fact, stimulation of the nerve can assure integrity of the nerve only after dissection, 
while nerve palsy can be identified only after the injury has been produced. Thus, 
IONM should be considered an adjunct, but direct visualization of the nerve and 
careful dissection of the tissues are needed.
Although the specificity of IONM in detecting nerve injury is very high 
(94–99%), a small number of patients will have a vocal cord dysfunction despite 
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regular neuromonitoring signal (false-negative IONM). By the other side, a loss 
of signal (LOS) at the end of procedure is predictive of a postoperative vocal cord 
paralysis, but positive predictive value ranges widely from 33 to 90%.; this is prob-
ably related to the poor uniformity in application of IONM across different centers. 
It has been reported that preoperative and postoperative laryngoscopy is performed 
routinely only in 15% of centers who use IONM [36], and that vagal stimulation is 
not routinely performed in most of the centers [37]. Furthermore, usage of IONM 
needs a learning curve, a precise knowledge of the components and of the issues 
that may occur: insufficient experience in managing IONM may result in mislead-
ing information that can increase the risk of RLN injury.
The most frequent causes of false negative results are malposition of endo-
tracheal tube, technical problems related to stimulation or registration devices, 
neuromuscular blocking due to anaesthetic drugs; another cause of false positive 
result is thought to be transient neuropraxia with rapid recovery before end of 
surgery.
Thus, low positive predictive value is the main limit of IONM. A low positive 
predictive value means that, in the worst-case scenario, two out of three patients 
with LOS will not suffer any alteration of vocal cord motility after surgery. 
In this regard, a standardization of IONM methods and reporting has been 
undertaken to provide uniformity and to minimize variations in application of 
IONM. As already discussed, standardization of IONM should include pre- and 
postoperative laryngoscopy, stimulation of vagus nerve before dissection and 
at the end of surgery, and stimulation of RLN when identified and at the end of 
lobectomy.
7. Two-staged thyroidectomy
Routine use of IONM in thyroid surgery has led to two-stage operations to 
prevent bilateral RLN palsy. This approach is defined as removal of the thyroid 
gland in two different procedures: in the first one, surgery is limited to the main 
lobe, while the remnant gland is excised in a second intervention. In fact, in case 
of LOS after excision of the first lobe, the surgeon can evaluate the opportunity 
to delay removal of the second lobe. Thus, a LOS during first lobectomy should 
induce to consider timing for contralateral lobectomy. This decision should take 
into account several elements, including especially thyroid pathology. Over 
the years, oncologic radicality in case of two-staged thyroidectomy has been a 
matter of debate; in this regard, we should consider that differentiated thyroid 
tumors have a good prognosis even in case of local or distant metastases, and 
that radioablative therapy with iodine-131 can be delayed safely. Thus two-
staged thyroidectomy seems to be adequate also in case of thyroid carcinoma 
[38]; in this case, the endocrinologist can prescribe a TSH-suppressive therapy 
to reduce the risk of tumor progression of eventually unresected foci of tumor. 
Alternatively, a near-total lobectomy could be performed on the second side to 
preserve contralateral RLN. In this scenario, it is necessary to underline once 
again the importance of a correct standardization of IONM to reduce false posi-
tive results; that may lead to an unnecessary two-staged thyroidectomy. In case 
of thyroid cancer, thyroidectomy should always begin from tumoral side, or, in 
case of bilateral carcinoma, from the side where the nodule has more aggressive 
features. In case of two-staged thyroidectomy, contralateral lobectomy should 
be carefully planned after recovery of vocal cord motility, typically 6–8 weeks 
after surgery, or, in case of permanent palsy, after demonstration of enough 
respiratory space.
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8. Conclusions
IONM is a valuable instrument in thyroid surgery. A correct standardization  
of the method is necessary to reduce the number of false positive results. In case of 
loss of signal, two-staged thyroidectomy can be safely performed even in case of 
malignancy.
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